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This is & general review of recent progress in the field of antibiotics.
1n compiling this review, particular attention has been paid to questions of
general theoretical interest, as well as to results which indicate new ways
of testing and jnvestigating antibiotics in clinical practice.

A. @ntibiotics of a Polypeptidic Nature

Meny new antibiotics of a polypeptidic nature have been isolated recently
both from animal and plant sources. An investigation of the chemical struc-
ture of these antibiotics showed that the individual amino acids are not dis-
posed in the form of a straight chain, but cyclically, so that the molecule
forms & closed ring. The theory of the cyclic structure of proteins, which
vas advanced by Zelinskiy end Gavrilov 4], found complete confirmation in
results of the investigation of antibiotics.

Antibiotics of & polypeptidic peture are formed principally by various
sporiferous aerobic bacteria which are found in the soil An example is haci-
tracin, which is chemically a polypeptide composed of at least nine amino acids:
isoleucine, aspartic acid, phenyl alenine, leucine, glutamic acid, lysine,
histidine, cystine, and ornithine.

USSR gramicidin (gramacidin 5) has a still simpler constitution. It is a
crystalline polypeptide consisting of five amino acids (valine ornithine, leucine,
phenyl alauine, and proline) which iorm & ring. ne cnemicael composition of
gramicidin S was investigated by Belozerskiy and Paskhina (cf Znamenskaya,
Agatov, and Belozerskiy). /107

The cyclic structure of gramicidin 8 is of decisive importance for its
antibacterial action. A gynthetic straight chain pentapeptide wat prepared
from the sauwe amino acids which enter into the composition of gramicidin S.
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The optical configuration was @180 the same Nevertheless, the synthetic penta-
peptide has only a very weak effect on bacteria. Although one gammé of gratui-
cidin S per milliliter suppressees the growth of staphylococci, 2,000 gammas of
the synthetic polypeptide per milliliter. are necessary for that purpose. In
other words, the synthetic straight chain substance is 2,000 times less effec-
tive than the natural antibiotic.

The cyclic polypeptide gramicidin S conteains four amino acid molecules of
the natural 1-configuration, and one molecule of an amino acid (phenyl alanine)
of the d-configuration which usually does not occur in nature.

The antibiotic epniantin [31] is also & cyclic polypeptide. It forms & 12-
membered ring in which l-amino acids are partly replacad by d-hydroxy acids.

B. Families of Similar Antibiotics

Strains of Bacillus polymyxa yield a whole group of substances which have
antibiotic properties and are called polymyxins . [517 411 polymyxins are closel
similar and all of them are polypeptides, but the emino acid composition of
polymyxins formed by different strains is different. AlL polymyxins contain
threonine and diaminobutyric ecid, but three other amino acids (leucine, serine,
and phenyl slanine) are not obligatory components of the molecule of the anti-
piotic. They are specific constituents of individual variations of polymyxins
of different origin. Depending on the composition, the pharmacological proper-
ties of the polymyxins vary.

Penicillin K (heptyl-penicillin) is considerably less effective clinically
than penicillin ¢ (benzyl—penicillin). While penicillin K is repidly Aecomposed
by a thermolabile enzyme contained in blood serum and tissues of varinus organs,
penicillin G is stable and is not affected by this enzyme. [6,297

The effect of streptomycin B (mannosidostreptomycin) is three times weaker
than that of s treptomycin A.

c. New Data Obtained in Study of Penicillin

The immunological state of the organism has 2p effect on the therapeutic
action of penicillin, &s could be shown by penicillin therapy of pneumococcal
infection in normal rats and in rats weakened by & protein-deficient diet. 337
While penicillin was effective in curing the infection of normal rats, it was
less effective in the case of rats that had been exposed to protein starvation.
The starved rats hed a lowered capacity for the formation of entibodies and &
reduced phagocytary activity.

The fact that there is an optimum concentration of penicillin and of other
antibiotics above which the antibacterial effect diminishes [25] is significent.
There is no clear explanation for this phenomenon at present.

As far as the mechanism of the action of penicillin on the metabolism of

the bacterial cell is concerned &n extensive amount of valuable experimental

- data is now being accumulated. [§, 7, 8,9, 13, 15, 19, 2}7 Thus, it was es-

- tablished that in staphylococci which perish from the effect of penicillin,
the metabolism of nucleic acids is gravely disturbed. This is reflected in
tne fact that the percentage of extractable nucleotides rises sharply in staphylo-
cocci which had been exposed to the action of penicillin. This rise apparently
occurs because the rate of polymerization has dropped, not because the rate of
synthesis has been accelerated. It remains to be proved that the process 18
a primary one rather than the result of some other primary disturbance of metai-
olism caused by penicillin.
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cron thic wicwpoint the study of the metatollism of microorganisms which have
acauired resistance to penicillin is of particular interest. ¢ has t.en estab-
1ished that staphy iococel which are sensitive to penicillin must assimilate amino
ncids from the surrounding putritive medium. ‘The sum2 staphylococel, after be-
coming resistant to penicillin, u0 longer require amino acids assimilated from
the surrounding medium: they have acquired the ability to synthesize them inside
the cell from sugar and inorganic salts. These observations show that penicillin
specifically suppresses some phase of the assipdlation of amino acids required
by the vacterial cell.

Lately, nev experimental duta pave been otiaiped which confirm this conclu-
sion. Thus, the ordinary gram-negative pathogenic bacterium Salmonella typhi-
muriun is a typical heterotroghic form which does not have to assimilote amiro
acids from the vutside for its nutrition At the same time, this bacterium is
extremely resistart %o penirillin. However, under lzboratory conditions one
may develop strainu 5f this microorganism which nave jost the abillty to synthe-
size the amino acid cysteine and are unable to grovw in 2 nutritive mediuws tnat

- does not contain cysteine such straing of Salmoneliu tyohimuriuu, which must
assimilate cysteine from the solutiun in which they &re oo nivated, become VeEry
sensitive to the action of penicillin

Notwithstanding the interesting and convincing character of these data, many
peculiarities of the action of penicilliu st11l remain unexplained. For instance,
why does penicillin suppress so strongly the growth of the hay tacillus, which
is a typical hetrotrophic bacterium able to synthesize within the cell frou
glucose and inorganic salts, all organic suvstances needed by it?

Currently, an increasing amount of data is being collected which indicates
that changes in the metabolism of vacteria alter their sensitivity tc penicillin.

2y

D, New Data Cbtained in the Study of Streptomycin

New methods of purifying streptomycin from inert baliast_substances by trans-
ferring it into organic colvents with the aid of detergents [227 deserve atten-
tion. There is nc doubt {hat similar transfer agents can ve applied in the puri-
fication of other antibiotics

A number of recent investigations has been devoted to the study of strep-
tomycin from the microbiological point of viev. 116, 17, l§7 It is a character-
istic trait of this antibiotic that bacteria get accustomed to it very quickly
and develop forms whicn are resistant to it. Particularly striking results are
observed when chromogenic bacteria are modified under the action of streptomycin
into streptomycin-resistant varieties which sharply differ in appearance and
metabolism from the original form sensitive to streptomycin. Thus, the strepto-
mycin-resistant variety of the blue pus bacillus loses the capacity to form
blue pigment. Furthermore, the rate of growth of this microuorganicm 4rops sharply
also the activity of its dehydrogenase. The streptomycin-resistant variety of
Euglena gracilis loses its ability to form chlorophyll. This shows that adapta-
tion to an antibiotic is connected with alterations in the metabolism of the
microorganism. -

In some cases, streptomycin-dependent varieties of bacteria are developed
under the action of antibiotics as well as streptomycin-resistant forms. The
streptomycin—dependent strains cannot exist in putritive media which lack strep-
tomycin. Thus, by cultivating B. coli in a medium containing streptomycin, one
may develop & strain which requires this antibiotic for its growth.

The streptomycin-dependent strains can be utilized for the identification
of streptomycin. If streptomycin is added to a culture bouillon and the bouillon

is seeded with a streptomycin-dependent strain of B. coli, the bacillus will
propagate., If the substance which had been added differs from streptomycin,
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cin is the treatment

of gastroenteritcs of the newu.im. These Lnilectlong &It coneced by B paracoli,
proteus, and other gram-negative pacteria. They result in a high percentage of
lethality. Administration of streptomycin per 05 in such cases gives positive
results and rapidly rrees the intestine of gram-pegative microorganisms. When
applied in this manner, stoeptomycin has a purely local action, becsuse it is

ot resorbed at all from the gustrointcstinal tract.
the intestinal gran-negative  ora and in a number of

However, it suppresses
cases brings about clini-

cal improvement of the patient's condition. & drawback of streptomycin in this

application is the rapid adaptation ¢f ¢51li bacilli to it.

not been suppressed during the rirst &% hr after the start ot the treatment, iV
i5 difficult after this point to exert any action on the streptomycin-rc:istant

flora.

& New Antibiotics From Cultures of Actinomycches

__ Among nev antibiotics isosated from actinomycete
L}Q7 ard Lorrelidin./c

s one may note nevmycin

ress Rickettsia (chioromycetin and Aureomycin)

£. Ncw Aptibiotics Ywhich Bupp

Recently, two nev antiviotics, chloromycetin LS:/

. T e d
and aurecuycin /ek, 21/

were isolated, described, and tested clinically. Both of them are now being
appiied therapeutically. These two sulstances contain nonionic chlorine.

Chloromycetin is being produced Synthetically.

In the synthesis of this

antibiotic, the racemic form 1is obtained. The racewic form could be separated
into the two enantiomorphs, of which the one having the d-configuration cor-

responds to natural chloromycetin preduced by the fun

The antibiotic action of the synthetic d-isomer is exuctly equal to that of
natural chlorcmycetin, while the l-isomer 1is devoid of any antibiotic activity.
Furthermore, the configuration oI the d-isumer is opposed to that of most na-
turally occurring substancas {s['. l-ephedrine or ]-alanine;. This shows that
optical inversion [ﬁith respect to naturally occurring Substance§7 is not

limited to penicillin, streptomycin, and gramicidin, b

ip antibiotics and has a direct relation to the mechanism of the antibiotic

effect. As a result of optical inversion, antibilotics arc foreig

tory protein, and thus may selectively suppress some enzyuatic processes in

Andcroorg&nisms.i@

G. New Applications of Soviet Gramicidin [Eramicidin

§]

The mechanism of the action of gramicidin S on various bacteria has been

thoroughly investigated in recent work./2, 10, 11/ ¢

1ipical work done by USSR

investigators has opened new fields for the application of this antibiotic.
o7 the greatest interest is utilization of gramicidin for the treatment of

pueillary and amoebic dysentery. it has Leen origina

11v used for this purpose

1Y

vy A, I. Baldina and I. A. Kozlov at Prclessor Pareyev's clinic. 1

Experience acquired in treating bacillary dysentery with sulfa
that the process of anatomic recovery, i.e., of the healing of dysen

in the intestine, 1ags to a considerable extent behind the disappearance O

vasic symptoms of the disease which corresponds to cl

sulfa drug therapy, clinical recovery takes viace, on the average, on

inical recovery. With

or fourth day from the beginning of treatment, while the healing of ulcers on
the mucous membrane of the intestine occurs much later, on the average, at the

expiratioa of 3 weeks from the beginning of treatment

. Transition of the dis-

ease into a protracted and chronic state 1s apparently connected with the

presence of slowly healing ulcers on the wucous membr
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while aulfn drugs eftectively heal “he clinical symptoms of dysentery, they
have only a slight effect un the healing of ulcers. Under the circumstances,
the search for therapeutic agents which wauld expedite the healing of ulcers 1is
of great importance if the transition of dysentery {rcm &n acute disease into
a chronic disease is to ve prevented.

- 4 Gramicidin S has a strong vactericidal effect on dysentery bacilli and
gram-positive vacteria. In the treatment of dysentery, agueous solutlions of
gramicidin have been applied in the form of epemas in combination with sulfa

¢rug therapy.

1t has been 2stabliched by Baladiuz and Kozlov that in patients treated
with gramicidin all busic rathuscgical symptoms of dysentery disappear twice
as rust as in patlents treated with sulfa drugs only. Treatment with gramicidin
und accelerates the healing of" ulcers
soticeable evzo in the firct days alter

shortens the period of clinical recuve:
in *he investine. Thic healing becomcs
the beginning =i the treatmect.

Tn recent years, USOR medical men and scientists have contrilbuted a con-
siderable amcunt ol nev and original results in conpzstion with the use of
gramicidin 5 in clinical practice. In some suppurative processes, the use
of gramicidin yields even better results than the application of penicillin.
This experience has been summarized in L. I. Kuzmenko's interesting nonograph
cn the sub ect./le/
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